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INTRODUCTION 


This  work  attempts  to  modify  the  correlation  earlier 
developed  by  Blochl  [1]  for  nucleate  pool  boiling  heat  transfer. 
We  have  developed  the  expressions  for  bubble  emission 
frequency  and  tested  this  correlation  at  atmospheric  and 
subatmospheric  pressures  for  pure  liquids.  An  analytical 
correlation  for  nucleate  pool  boiling  should  include  the 
underlying  mechanism  of  boiling  heat  transfer.  Proper 
consideration  should  be  given  to  the  various  heat  transport 
factors  responsible  for  removing  the  heat  from  the  heat 
transfer  surface  in  a  boiling  heat  transfer  process. 

ANALYSIS: 


The  correlation  is  based  on  two  main  factors  which  contribute 
the  removal  of  heat  from  the  heat  transfer  surface. 

The  first  factor  suggested  by  Mikic  and  Rohsenow  [2]  postulates 
that  the  main  mechanism  of  heat  transfer  in  nucleate  boiling  is 
transient  heat  conduction  to,  and  subsequent  replacement  of, 
superheated  layer  around  boiling  sites. 

The  second  factor  comes  during  the  growth  of  vapor  bubbles 
and  their  subsequent  departure.  Rallis  and  Jawurek  [3]  and 
Paul  and  Abdel-Khalik  [4]  have  suggested  that  the  latent  heat 
transport  plays  a  considerable  role  for  the  removal  of  heat 
from  the  heat  transfer  surface. 


CORRELATION 


(h)pred 


-h=-  Vkl  cl  pi  VF 

■\jn 

+  l  pvAfDb  A^w 


The  first  factor  represents  the  part  of  the  heat  removed  due  to 
conduction  heat  transfer  from  the  surface  to  the  adjacent 
liquid  layer.  When  the  sufficient  degree  of  superheat  is  reached 
the  bubbles  start  nucleating  on  the  surface.  It  is  believed  that 
a  larger  portion  of  heat  is  removed  because  of  this  conduction 
process  in  the  vicinity  of  the  wall. 

The  removal  of  heat  by  this  conduction  process  can  be 
taken  into  account  by  the  product  of  thermal  accommodation 
factor  (given  by  the  product  of  thermal  conductivity,  specific 
heat,  and  density  of  boiling  liquid  and  taking  the  square  root  of 
this  product)  and  square  root  of  bubble  emission  frequency. 

The  correlations  for  bubble  emission  frequency  were  earlier 
developed  and  presented  in  Louisiana  Academy  of  Science 
Meeting  by  Terrell  Ford.  The  same  correlations  are  used  in  this 
work  to  calculate  the  value  of  heat  transfer  coefficient. 


The  equations  for  the  bubble  emission  frequency  for  different 
ranges  of  Jakob  numbers  are: 


f  = 


[133.3/P]2[c/(pi  -  pv)g  +  0.867  JclATw., 
it  al  Ja2  al  ^  qw  ^ 


for  Ja  <  100 


[133.3/P]2 [o/(pl  -  Pv)g  0,867  klATw.-, 

25«lJa3/2  +  al  1  qw  J 

for  Ja  >100 

Q  pi  ATw 

where  Ja  - 

The  second  factor  represents  the  part  of  the  heat  removed  by 
latent  heat  transport  during  the  formation  of  the  vapor 

bubbles  until  their  departure.  The  quantity  ^  pv  Xf  Db  ~~ 

reflects  this  portion  of  heat  transfer  coefficient.  The  Db  is  the 

diameter  of  the  bubble  at  the  time  of  departure  and  ATw  is  the 
degree  of  wall  superheat. 


RESULTS 


Heat  transfer  coefficients  were  calculated  using  this  correlation 
for  the  data  of  Sharma.  The  predicted  values  of  heat  transfer 
coefficient  were  compared  with  the  experimental  values.  The 
correlation  predicted  the  data  remarkably  well  within  10  per 
cent. 

The  study  also  reveals  the  effect  of  heat  flux  and  pressure  on 
bubble  emission  frequency  and  bubble  departure  diameter. 
Bubble  frequency  is  the  strong  function  of  heat  flux.  It 
increases  with  increase  in  heat  flux.  Bubble  frequency  also  is  a 
function  of  pressure.  An  increase  in  pressure  shows  increase 
in  frequency  in  bubble  emission.  The  calculations  also  reflect 
the  effect  of  pressure  on  bubble  departure  diameter.  The 
bubble  departure  diameters  decrease  with  increase  in 
pressure. 


CONCLUSIONS 


Following  conclusions  can  be  drawn  from  this  investigation: 

1.  Heat  transfer  rates  in  nucleate  pool  boiling  are 
contributed  by  both  conduction  and  latent  heat 
transport.  The  conduction  heat  transfer  plays  more 
significant  role. 

2.  The  data  correlates  very  well  with  the  experimental  data. 

3.  The  study  also  reveals  the  effect  of  heat  flux  and 
pressure  on  bubble  frequency  and  departure  diameter. 
The  frequency  is  a  strong  function  of  heat  flux  and  also 
increases  with  increase  in  pressure  while  the  bubble 
departure  diameter  decreases  with  increase  in  pressure. 
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